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HCLOiiRAPllY  AND  ITS  PRACTIC  AL  i MPLOYMHNT 


Corr^-'spondinij  Herabfti:  of  the  AS  USSR  f cl  Sciences  USSR]  L.  D. 

eekbcdt.h.  Doctor  of  Ph  ysicc-Katheraat  ica  1 Sciences  S.  B.  Gurevich, 
Cdiidni.itti  of  Physico-Matiienidti  cal  Sciences  G.  A.  Gavrilov 


Hclo-jraphy  is  an  all- pur  pose  aiethcd  for  record  iny  and 
tefroducinij  wave  fields  viith  the  purpose  of  revealirj  the  necessary 
information  both  on  an  ccject  wliich  is  a radiation  source  and  on  the 
nature  of  tne  wave  field. 

The  idea  of  a holoyraphic  inethou  fer  lecctdiny  and  restoring 
images  was  first  proposed  in  1948  hy  the  English  scientist  D.  Gabor 
who,  in  1971,  was  awarded  the  Nobel  Prize  for  Physics  for  this 
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discovery.  In  the  Soviet  Union  the  first  fcctk  or  holography  was  done 
fcy  Yu„  N„  Denisyuk  front  1958  to  1962- 

The  development  of  the  holographic  method  was  aided  by  the  work 
of  N.  G-  Basov,  A,  M.  Prokhorov,  and  Ch.  Tauns,  which  led  to  the 
creation  of  a powerful  coherent  radiation  scarce  - the  laser.  This 
discovery  lermitted  the  Americar.  scic-ntists  E-Lleth 
Upatniyoks  [as  transliterated]  in  1962  to  efctain  the  first  laser 
hole  grams  of  diffusely  tcflectir.  g objects. 

Ir  recent  years  interest  in  hclcgiaphy  has  sharply  grown  all 
over  the  world.  This  is  explained  by  the  fact  that  it  opens 
possibilities  for  sciving  prclilMiis  wiiicl;  cannot  be  solved  hy  any 
other  methods,  or  that  it  p:crniirs  obtaining  the  necessary  results 
iTorc  simply  and  effectively  than  by  ether  ways- 

The  practical  uses  of  hoiograpdiy  are  sc  varied  that  tc  examine 
all  of  them  in  one  article  is  inpossible.  Therefore  we  will  dwell  cn 
fevetal  of  the  more  urgent  uses  where  the  nest  typical  properties  of 
the  holographic  method  are  used- 

As  is  known,  with  the  aid  of  holography  we  can  reproduce  truly 
three-dimensional  images  of  objects,  and  also  three-dimensional 
represenitions  of  phenomena  and  processes  which  occur  in  a specific 
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volume.  Of  coui'se,  it  it  most  lidtural  tc  Uiifc  tiiis  i;Loperty  in  image 
technology,  television,  and  the  cirema. 

The  work  of  Yu.  N.  Dciiisyuk  tc  a signiticant  degree  aided  the 
dccomnlishirent  of  tne  pcssitility  for  using  aclcgraphy  in  image 
technology.  The  method  which  he  i reposed  ter  recording  holcgrams  in 
th ret^-d ime nsional  media  simplirios  the  process  cf  restoring  images 
trcE  such  holograms,  since  the  images  can  le  ettained  in  white  light. 
Thcsc'  holograms  can  be  used  icr  1 1 ai  n i rg- d e mons  t rat  ion  purposes,  in 
’■he  advertising  business,  in  the  ccnstcucticn  ct  artistic  panoramas, 
an  the  designing  of  ex h afci t iens,  etc. 

The  use  of  holography  in  ttlevisicr  is  asscciated  with 
substantial  difficulties;  first  or  all  in  connection  with  the 
necessity  to  coordinate  the  tremendous  volume  cf  information  which  is 
contained  in  the  hologram  with  the  throughput  capacity  or  television 
systems;  also,  secondly,  because  or  the  absence  at  the  present  tire 
cf  receiving  and  traiismittirg  devices  which  are  suitable  for 
holographic  television.  If  a broadcasting  hclcgraphic  television 
system  is  a matter  ct  the  comparatively  distant  future,  then 
holographic  systems  of  closed-circuit  teLevisicr  can  be  created  in 
the  near  future.  These  systems  ate  rnd ispe rsa t le  in  all  cases  where  a 
thre'e-dimensional  orientaticn  it  needed,  fet  example,  in  work  with 
manipulators  in  nuclear  industry  or  with  the  decking  of  spaceships. 
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The  creation  of  t htee-aiiric  nyicr.al  cinetra  is  also  cor.nectod  with 
cvorco;r.iny  substantial  difficulties  - cltaiiiiny  latye-size  holograms, 
their  without  dist  ci ticns,  with  the  holographing  of 

full-scale  scenes,  etc.  Hclcgrathic  irovie  systeits  in  which  an  image 
is  observed  by  a small  iiupfct't  or  spectators,  icr  example  in  aircraft 
trainers  arnl  in  instrument  landing  systems  cf  aircraft,  can  be 
realized  comparatively  simply.  In  the  latter  case  the  pilot  sees 
alternating  t hr ee- d ime ns icna  1 images  of  the  landing  strip  which  are 
restored  from  the  holograms  and  sequentially  shewn  cn  command  from  a 
compiutcc.  The  computer  works  together  with  a radar  station  and 
accomplishes  a change  in  nclograms  in  accordance  with  the  position  of 
the  aircraft  in  space. 

The  ability  of  holograms  tc  reprocuce  three-dimensional  images 
is  also  used  in  various  fields  of  science  and  technology.  Here  it 
permits  conducting  a pcsteriori  p recessing  cf  the  results  for  the 
entire  volume  studied  from  cne  single  hclogtaai,  which  is  especially 
important  with  the  in  vest  igat  i ci.  cf  tapidl  y-prccceding  processes  and 
phciiomena.  This  pjrocessing  cf  the  results  cl  investigations  provides 
the  possibility  to  tain  Loth  in  the  tine  fet  ccnducting  an  experiment 
and  in  the  resources  which  are  required  for  this.  For  example,  under 

conditions  of  a la  bor-iiitensivt  and  expensive  experiment  on 
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eei  o I a 1 1 is  t i c routes  frcir  a sinyle  hclcgrair  made  in  one  experiment  we 
can  ciitain,  using  all  or  the  known  raetncds  cf  visualization  of  phase 
objects  (Fig.  1),  any  number  of  photos  which  detect  details  in 
various  points  of  the  object. 

The  processing  of  hclcgrapiiic  images  is  widely  used  for 
analyzing  particles  whicli  move  in  « sptcific  volume  (holographic 
aisdrcne’Tv  - Fig.  2).  We  can  "freeze"  the  particles  and  then 
seguen-  analyze  the  image  in  its  various  cross-sect  ions.  Thus,  a 

chec  .auient  ligui(5  jets  is  accon  pi  ished,  aerosols  are  studied, 

the  iLcc.iises  in  tlie  internal  volumes  ci  s 1 1 ea  B-dr  i ven  turbines  and 
the  inteinal  combustion  charclers  oi  encines  ate  observed,  and  the 
qrewth  ai’.d  breakdown  of  vapci  drops  arc  investigated. 

Tl.e  holographic  method  permits  simplifying  the  equipment  tor 
recording  tracks  in  bubble  cliauLers  and,  i r.  certain  cases,  increasing 
resolution.  The  experiments  tor  recording  tracks  (Fig.  ,3)  showed  the 
possibility  for  increasing  the  "charge"  of  chamlers  (recorded 
fvents)aiid,  consequently,  the  e r f e ct  i ve  ness  of  accelerators. 

The  property  of  a hologram:  to  reproduce  three-dimensioral  iaagCi, 
cf  uf.  object  which  is  positioned  in  the  field  cf  action  of  acoustic 
oscillations  opens  prospects  fer  creating  ult ra phonoscopic  systens. 
Ihe  specifics  of  acoustic  r.clogcaphy  cersist  cf  the  use  of 
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cocrj;acat  ivel  y Idcgt'  wavfrlongths  and,  as  a icsult,  linear  detectors. 
This  pci..iiits  discontinuing  the  iiit coducticn  of  a rofert^nce  beam  in 
the  plane  of  the  receiving  antenna  and  inttcducing  it  by  an 
electronic  motaod-  Since  the  restetatien  ot  accustic  holograms  is 
acccaiplishcJ  by  visible  lignt,  the  v isuol  i zat  ic  r.  of  acoustic  images 
is  thereby  conducted;  hci«evet,  here  the  prcLlem  of  minimizing 
distortions  caused  by  the  great  aitterence  in  waves  of  ultrasound  and 
light  arises. 


Acoustic  holography  is  prcriising  for  solving  prcblems  connected 
with  ultrasonic  flaw  detection,  tor  i n ves  t i ■33 1 i r:g  the  structure  of 
the  eaith's  crust,  and  for  searching  for  irineral  resources.  No  less 
imioitant  is  its  employment  in  cceancgiaphy  and  sonar  detection- 

Tfere  is  particular  interest  in  accustic  hclography  fci 
itedicine.  Ultrasound  is  inoi  e sensitive  to  a charge  in  the 
characteristics  of  specific  tissues  thar  X-ray  feams,  and  with 
Booeiatc  intensity  is  haiirless.  Thetefcte,  we  can  look  forward  to 
using  holography  for  t hree-dimt nsional  viewing  ct  anatomical 
structures  of  bone  and  soft  tissues,  for  clserving  the  internal 
organs  or  living  objects,  and  Icr  recording  pathological  changes. 
Unfortunately,  the  majccity  ct  work  in  this  tit  Id  of  acoustic 
holography  has  not  yet  left  the  confines  of  lalcratory 
i n ves  t igat ions. 


DOl 


06  3 7 


7 


In  tte  ranye  of  comparatively  Icna  waves  which  are  used  in  radio 
and  acoustic  holography,  a method  cf  synthesized  aperture  can  ke 
realized  which  substantially  increases  the  tesclution  of  systems.  It 
first  aeguirej  development  in  radar.  Th.e  essence  of  the  method 
consists  of  the  space-time  [rccessinj  ct  signals  which  are  received. 

A hoiogtan  is  formed  seyutntiaily  according  tc  the  mutual  iretien  cf 
the  object  being  studied  and  the  receiving  antenna.  If  the  antenna  is 
installed  cn  an  airplane,  then  the  resciuticn  in  the  restored  image 
will  be  determined  not  by  its  jhysical  dimensiens,  tut  by  the  length 
cf  the  rou'‘e  traversed  by  the  aircralt,  i.e.,  ly  the  dimensions  of 
the  ladiohclcgram  (Fig.  4).  For  tesclution  cn  the  terrain,  radar 
systrnis  with  a synthesizd  apeitiiro  are  compacaLle  with  systems  cf 
aerial  p’aotography  and,  at  the  same  time,  have  significant  advantages 
ever  them:  all-weather  capaliiity,  oLtaiiiirg  images  at  a great 
distarcH  from  the  carrier. 

The  synthesized  aperture  method  can  be  used  lor  mapping  the 
earth’s  surface,  for  glacial  and  geophysical  sui veiliance,  and  in 
agriculture.  Its  use  for  space  research,  fer  example  obtaining  radar 
mafs  of  planets  with  optically  impcrvicus  atmesphere  (Venus),  is 
extroircly  promising.  Synthesizing  an  apertrio  can  be  accomplished 
because  of  the  movement  of  planets-  It  is  precisely  in  this  manner 
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that  dr.  oxroriaient  was  accoirj)!  ished,  as  a icsult  of  which  a radio 
iaid'je  ot  the  moon's  iiurracr  was  ol-taincd;  the  tcdnsmittei  and 
lecoivei  were  positioneu  cii  the  earth,  and  s y n t her  i zi  n<7  was 
accom  p 1 iiih  ed  because  of  the  n’ovtment  oi  t-he  inccr  (Fig.  r>) . 

Hclogtams  very  often  rind  employ  me  nt  as  a ireans  of  transf  erming 
wave  fronts,  specifically,  iiclcgraius  aie  used  as  optical  'loments;  a 
lens,  a grating,  and  coriectcis.  The  iceusing  properties  of  zonal 
plates  which  are  a iioloqrafl'  ot  a tciiit  source  a rd  a flat  ref  '-rence 
wave  are  well  kiiown.  On  one  photographic  plate  a multitude  of 
hologram.';  (up  to  1 000)  et  jciiit  source's  eran  it  icccrded.  These 
hclogrums  i:osscss  an  unusual  ai:ility  tc  s i a u 1 1 a in'ousiy  repjioduce  a 
large  number  ot  idetitical  iKag>-s  ai,i  car.  be  usea,  for  example,  in  th 
technology  of  producing  m ic t oc i rcu i t s , in  optical  systems  for 
ITU  ] T i chann  el  information  prcccssing,  etc. 

Holograms  can  also  he  used  as  noncentaet  templates  in  the 
technology  of  pier  oeiect  rcr.ics  (these  templates  insure  resolution  cn 
the  cruet  ot  1 pm  on  a surface  ct  up.  tc  50  mm,  they  do  not  suffer 
frem  the  impact  of  particles,  and  do  net  wear  down),  and  for 
producing  diffract icn  gratings.  These  gratings  are  simple  to  obtain, 
and  have  large  size  and  hig(.  ditfracticr  efficiency  - up  to  90  o/o. 


The  transformation  ct  wave  fronts  with  the  aid  of  holograms 
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cper.s  a unique  fossibility  to  cttain  quality  iiraqcs  despite  the 
dibtcr*inq  action  of  nontiniioin'  and  ^catterinq  Bv^dia.  For  recording 
the  iira.j.?s  ur.der  these  conoiticr.s  twc  (roperties  of  a hologram  are 
i npot  t an First  of  all,  it  the  case  ci  the  passing  of  reference  and 
cLqect  waves  or  one  or  anctlei  nonuniicira i t y,  the  hologram  proves  to 
Le  urdisrorted;  secondly,  the  jassing  cf  a wavt  sequentially  through 
3 medium  and  a hologram  oi  the-  given  mediu-t  gives  an  undistorted  wave 
f t c n *■  .. 

fl.e  use  cf  holojraphy  rcr  1 1 a ns  t cr  iri  n g wave  fronts  is  proirising, 
for  f'Xiiiuple,  for  eiimiridting  the  ertect  of  t;cn  ur.  i form  ity  of  the 

atmcsplere  or  an  image  cf  s{.acfc  orqects,  ai:a  £ci  compensating 
dter  ra  t ion  s of  optical  elemei.tL  anu  syr-teros. 

iiclography  car.  ue  used  in  int  er  f c t cm  e ti  ic  investigations.  Here 
it  p^raits  accompl i rhi ng  inter  tore ncc  cf  wave  fronts  which  exist  at 
various  moments  in  time,  and  also  studying  objects  with  complex  form 
as  mud  as  is  desired.  The  greatest  popularity  was  obtained  by  the 
method  of  double  exposure  ana  i n te t f er c met r y in  teal  time.  In  the 
first  case,  twc  different  states  of  cne  or  another  object,  the  images 
cl  which  interfere  during  restoration,  are  recerded  on  a hclogtam;  in 
the  second  - the  observation  oi  an  object  in  various  states  is 
conduc-ed  through  a holcgrani  in  the  presence  cf  a restoring  beam. 
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liolovj Ldphic  inter feroirctiy  is  used,  specifically,  for 
in  VfSt  iqat  iiuj  vibrations  (Fio.  b ijives  interfercgranis  of  vibrating 
turbine  LlaJes).  This  has  great  practical  value  for  nondestructive 
giiality  control  of  parts.  Nondestructive  quality  control  of  articles 
in  industry  is  based  on  the  widely  liiStributod  holographic  methods  or 
investigating  defor  luaticns.  bo,  i r.  the  United  States  a device  was 
developed  for  checking  the  irtftuul  defects  or  automobile  tires  whicii 
detects  any  internal  delects;  lijnbles,  flaking,  etc.  (Fig.  7). 
Hciograpliic  interferometry  periritteu  a sutstan+ial  expansion  of  the 
study  of  phased  objects,  it  is  being  successtully  employed  in 
aerod  y n.i  mi  c investigations  ana  in  piasira  physics  (Fig.  8). 

The  .ibility  to  record  a gif-at  umeunt  oi  information  in 
conjunction  with  the  possibility  of  its  more  rapid  read-out  permits 
U^5  t'O  fully  use  hoiegraphy  tor  creating  iremory  devices  for 

vaiiotis  LJiictions.  Tne  advantages  c£  hclogcaphic  memory  devices  are 
high  density  ot  the  recording  (up  to  1 C 1 C tit/cm^),  low 

1 sensitivity  to  mic roue  feet s of  the  carrier  and  to  contamination  in 

the  place  of  recording  (tne  recording  ccrrcspcnds  to  each  element  cf 
the  stored  information  not  in  a specific  point  cf  the  hologram,  but 
in  its  entire  area),  the  absence  cf  intermediate  optics  (which 
substantially  simplifies  the  structure  cf  the  system  and  its 

I 

I 

adjustment),  low  requirements  for  accuracy  of  the  placement  of  a 
transparent  beam  on  a holcgiam  (since  even  a part  of  the  hologram 
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lectorps  tho  entirts  imatjo)  , thi-  abi^cnct-'  oi  fccanniiig  devices, 
convenience  of  operations  with  sair^-ies  {because  all  of  the  restored 
images  rron  a matrix  of  the  holograms  are  termed  in  one  and  the  same 
place),  and  the  potential  possibility  fer  accomplishing  a recording 
ct  information  in  a three-a imersionai  medium.  Ir  this  case  the 
density  of  the  recordin-j  can  reach  fcit/Cia^.  These  devices 

will  find  use  first  of  ail  in  comiiuter  technolcgy.  There  is  a basis 
to  assufflt.  that  they  will  be  wioely  uspu  rci  creating  fixed  and 
immediato- access  storage  of  coniputers. 

"’he  advantages  of  the  i.cicgraphic  nothed  ter  storing  intormatio 
can  be  sue  ce  ssr  ull  y realizeu  i or  rtcoialr.g  television  aiid  movie 
programs  on  a special  film  with  t),c  rufseguent  reproduction  of  an 
image  on  screens  of  noriral  relt  vision  receivers..  This  system, 
apiarently,  will  be  simpler  ana  cheaper  than  other  systems  of  video 
tecoraiiiys  which  are  intemJea  for  mass  consumption. 

Holographic  methods  in  cc !■  ] iirct ion  with  methods  of  coherent 
cptics  open  wide  possibilities  fer  supplementing  tho  means  for 
cpticdl  processing  of  inf ermat ion. 

The  ability  ol  holograms  tc  transfern  optical  fields  and  record 
simultanoously  their  anplitudes  and  phases  peririts  the  creation  of 
different  instruments,  sptciiically  analog  devices  for  detecting  or 
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uitiercnti  atinj  ina^jes  (autcinatic  reading  c£  printed  text,  detecting 
the  deciroil  images  cn  the  terrain  phctcf  - aerial  photo 
reconnaissance,  aerial  phcrc  inspection,  aerial  photo  geologic 
prospecting,  etc.,  automatic  dacty loscc pic  search  - identification  of 
conplete  t inger pri nts,  etc.). 

A more  complex  pronlem  is  the  reccgnition  cf  images.  Here  each 
c£  the  possiLle  classes  of  images  (lorirs)  is  described  not  by  one 
pre viously-icnown  realization,  1 ut  by  a multitude  of.  random 
f realiza^-ions].  The  oasis  ct  rocogniticn  devices  is  a multichannel 
cptical  correlator  which  uses  r wc-ui men sio ra 1 hclcgraphic  screens. 

Ihc-  scope  of  the  proolems  wi.ich  ait  solved  ty  these  recognition 
devices  is  extremely  wide:  the  identif  icat  icn  c£  various  ob-jects 
according  to  their  image,  the  recogait  icn  ct  manuscript  text,  the 
automatic  analysis  of  aerial  p iiotog r a jdis  with  the  purpose  of 
(Jetectiiuj  objects  or  desired  classes,  the  recegnition  of  chrcracscae-s 
and  ether  n icr obio 1 cgica i oojects,  the  dactyloscopic  analysis  of 
incomplete  and  distorted  fingerprints  in  criminclogy,  etc. 

Experiments  showed  that  hoiegraphy  can  be  successfully  used  with 
the  recognition  of  different  kinds  cf  signals,  preliminarily 
transformed  into  images,  for  example  with  the  recognition  of  voice  or 
hydroacoustic  and  radar  signals- 
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Wr-  i'.hould  note  two  {rcsfinlc  uses  cf  holography  in  autcmatic 
ooiitLol  systems  with  optical  ties  for  stabilizing  objects  hy  means  at 
tracking  their  image  or  for  navigational  tie-ir  of  aircraft  by  using 
visual  reference  points  (the  image  of  terrain,  stars,  the  image  of 
parts  or  the  surface  of  planets,  etc.),  which  is  cf  exceptional 
interest  for  purposes  ot  space  navigation.  The  solution  to  these 
problems  is  conntjcted  with  ti.e  use  of  matched  holographic  filters. 
Calculations  show  that  siicii  filters  insure  an  extremely  high  accuracy 
of  stabil  ization  or  tie-in  wliich  is  piacticaily  unattainable  by  other 
n €'  d n s « The  process  cf  tracking  an  image  is  reduced  to  tracking  a 
Iright  sp’Ot  cn  the  output  of  t!.o  filter  which  cerrosonds  to  ti;e 
maximum  of  a function  of  au+omaric  correlation  cf  the  input  image. 
5uch  devices  are  now  in  the  stane  ci  cxperiaental  investigations. 

Presently  th»  work  in  the  lield  or  holcgtapiiy  and  optical 
methods  ot  processirg  infoimafion  has  attained  a level  on  which  the 
question  of  introducing  the  resuTlts  into  practice  arises  with  all 
urgency.  The  basic  difiiculties  in  the  path  of  realizing  the 
possibilities  of  the  hclcgiaphjc  niothed  are  connected  with  the 
element  and  instrument  base  cf  holcgraphy.  Fundamentally  new  devices 
and  instruments  arc  needed  ter  input  and  output  of  information,  as 
ate  modulators  and  Jefloctcrs  ot  light,  holographic  devices,  and 
thtir  elements.  He  need  to  create  a wide  assortsent  of 
highly-sensitive  materials  fer  recording  hclograms  which  permit  the 
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accomplisaliment  of  repeated  iGcirculaticn  of  in f crmatioii  and  expandxiiig 
the  assortment  of  lasers  which  are  designed  tor  use  in  holographic 
devices. 

Fcr  coordinating  wcrk  in  the  field  of  holccraphy  and  optical 
irethcds  of  processing  intor iratic n,  the  Scientific  Council  on 
holography  was  organized  with  the  Department  ct  General  Physics  and 
Astroncmy  of  the  Academy  cf  Sciences  USSR  which  contains  four 
sections:  optical  hciogtaphy,  radic  and  acoustic  holography,  optical 
methods  of  processing  intor  iraticr.,  and  leccrdir.g  media  and  means  of 
holography  cguipment.  The  Ctuncil  compcsed  a plan  and  programs  for 
investigations  in  the  fitla  of  nclcgraphy  icr  different  periods.  The 
successful  accompl ishment  cf  these  in  vest igat icns  will,  to  a 
significant  degree,  depend  on  the  joint  ofterts  of  the  institutions 
which  are  heading  the  wcik  cn  holography,  and  will  make  a substantial 
contriLuticn  to  scientific  am^echrical  progress. 


1.  Aerovlyiiainic  in  vestiaat  icr, 


with  thf  aid  ot  holography  cn 


Ldlliiitic  tcdjfctorios:  1 - ScMieion  jhotc.jrdfh,  2 - oladc  from 


hehinil,  3 - blade  from  in  fici.r,  4 - blade  frcii  below,  5 - defccused 


f i lame 


6 - inter  ferogiam  ot  a i:;i  j.  Idcr  iren  t , 7,  8 - int  erterog  tains 


frcai  two  li  clog  lam 


I 
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Fiy.  2.  Holoycdphic  disarcirfe'T  t y : 1 - a jet  c£  li'iuici  spray  fron  a 
tbir]  r.ozzle,  2 - image  ot  floating  Luttlee  in  liquid. 


Filj. 


-1.  Hestored  iii.ag*5s  trcn  a hclcijtd®  {F)  cf  a fr<?on  bubbl?  chambci: 


with  d volume  ot  0.7  liters;,  h - a dull  scatterer,  1,  5 - refererce 
kircs  an]  thcii  restored  iita'jts,  2,  3,  U,  i|  • - the  planes  of 
restoration  and  their  coi  i espond  in  .j  true  imajes  of  tracks  cf 
cl ect t on -pos it r on  pairs,  termed  with  tlie  ccnvccsion  of  y-quanta, 

<w  ?1eV.  I y 
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